Introduction {#S0001}
============

Osteosarcoma (OS) is the most primary malignant bone cancer occurring in children and adolescents.[@CIT0001] Due to great advancements in the treatment strategies, such as radiotherapy, adjuvant chemotherapy and surgery (wider range of tumor resection), the overall survival of most OS patients has been significantly improved.[@CIT0002] However, the survival of patients with local recurrence or distant metastasis keeps poor.[@CIT0002] For exploring specific biomarkers and therapeutic targets, it is quite necessary to understand the molecular mechanism underlying OS development.

Long noncoding RNAs (lncRNAs) are a class of RNA transcripts with a length of over 200 nucleotides and without ability of protein coding.[@CIT0003]--[@CIT0006] Increasing evidence showed that lncRNA was abnormally expressed in many human tumors.[@CIT0007],[@CIT0008] Recently, certain lncRNAs have been reported to play a regulatory role in the proliferation, apoptosis, migration and invasion of various tumor cells.[@CIT0009]--[@CIT0012] For example, lncRNA HOTTIP is overexpressed and exacerbates cell proliferation and invasion in colorectal cancer.[@CIT0013] LncRNA UCA1 hastens cell cycle and migration and predicts a poor prognosis in gastric cancer.[@CIT0014] In mechanism, competing endogenous RNA (ceRNA) hypothesis was reported as a classical pattern to regulate gene expression. The ceRNA network suggested that lncRNA could function as microRNA (miRNA) sponge via competitively binding miRNAs to abolish the inhibitive function of miRNAs in specific target messenger-RNAs (mRNAs).[@CIT0015],[@CIT0016] Increasing studies reported that lncRNA, localizing in cytoplasmic, acted as ceRNA to affect tumorigenesis and progression in cancers.[@CIT0017],[@CIT0018] As reported, lncRNA UCA1 serves as a ceRNA in prostate cancer and promotes cancer progression via sponging miR143 and up-regulating MYO6.[@CIT0019] LncRNA NR2F1-AS1 acts as a ceRNA in OS and enhances cell growth by targeting miR-483-3p/FOXA1 axis.[@CIT0020] Previously, LINC01535 functioned as a ceRNA in cervical cancer and accelerated occurrence and development.[@CIT0021] However, the function and molecular mechanism of LINC01535 in OS have not been studied.

In this study, we confirmed that expression of LINC01535 presented a significant up-regulation in OS tissues and cells and promoted the development of OS. In addition, LINC01535 sponged miR-214-3p to up-regulate KCNC4. This finding might provide a theoretic basis for exploring treatment in OS.

Materials and Methods {#S0002}
=====================

Human Tissue Samples {#S0002-S2001}
--------------------

Fifty paired OS tissues and adjacent normal tissues were obtained from 50 patients at Chengdu First People's Hospital. The fresh tissues were snap-frozen in liquid nitrogen and stored at −80°C until use. Patients did not accept any therapy before operation and they all signed written informed consent. Ethical approval was obtained from Chengdu First People's Hospital.

Cell Culture {#S0002-S2002}
------------

Human OS cell lines (MG63, Saos2, HOS, U2OS) and human osteoblasts (hFOB1.19) were purchased from Chinese Academy of Sciences (Beijing, China). Cells were all incubated in DMEM (Gibco, Grand Island, NY, USA) containing 10% fetal bovine serum (FBS) (Gibco) plus 100mg/mL penicillin and streptomycin (Invitrogen, Carlsbad, CA, USA). Cells were developed in a humidified atmosphere with 5% CO~2~ at 37°C and the medium was replaced every 3 days.

Quantitative Real-Time PCR (qRT-PCR) {#S0002-S2003}
------------------------------------

Treated cells were lysed by the use of Trizol reagent (Invitrogen), and the total RNA was extracted and then reversely transcribed into cDNA using a Reverse Transcription Kit (Invitrogen). qRT-PCR was processed by using SYBR Green RT-PCR Kit (Invitrogen) on an Applied Biosystems 7300 (Invitrogen) to detect the expression levels of RNA. The relative expression of indicated gene was calculated through 2^−ΔΔCt^ method and the level of GAPDH/U6 was measured as an internal reference.

Cell Transfection {#S0002-S2004}
-----------------

The short hairpin RNAs (shRNAs) for LINC01535 (sh-LINC01535-1/2) and their negative control (sh-NC) were purchased from Genechem (Shanghai, China). The miR-214-3p mimics and NC mimics, as well as the pcDNA3.1 vector expressing KCNC4 and empty vector, were obtained from Genechem. Cells were routinely transfected by Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) for 48 h.

Cell Viability Assay {#S0002-S2005}
--------------------

Briefly, cells were placed in 96-well plates under a density of 1 × 10^3^ cells/well and cultured for indicated time points. Then, the solution of cell counting kit-8 (CCK-8) was added into each well and the absorbance at 450 nm was measured using a microplate reader (Thermo Fisher Scientific, Waltham, MA, USA).

Colony Formation Assay {#S0002-S2006}
----------------------

U2OS and Saos2 cells were seeded in 6-well plates after transfection. The cells were then fixed with 4% paraformaldehyde (Solarbio, Beijing, China) for 10 min and stained with 0.4% crystal violet (Solarbio). Finally, the number of visible colonies was determined.

Western Blot {#S0002-S2007}
------------

The cell protein samples were extracted in 6-well plates using RIPA lysis buffer with protease inhibitor, then quantitated by BCA kit (Thermo Fisher Scientific), diluted in loading buffer to the same concentration, denatured at 95°C. Then, 20 μg proteins was subjected to SDS-PAGE for 2h and then transferred to PVDF membranes. After being blocked with skim milk, the membranes were co-cultured with primary antibodies against anti-KCNC4 (ab93605, Cambridge, Abcam), anti-MMP2 (ab37150, Abcam), anti-MMP7 (ab5706, Abcam), anti-MMP9 (ab38898, Abcam), anti-Slug (ab27568, Abcam), anti-Twist (ab50887, Abcam) and anti-GAPDH (ab8245, Abcam). Chemiluminescence detection system (GE Healthcare, Chicago, IL, USA) was employed to measure the protein.

5-Ethynyl-2′-Deoxyuridine (EdU) Labeling {#S0002-S2008}
----------------------------------------

Cells were seeded into 96-well plates and 100 μL of EdU reagent was added and cultured for 2 h. After washing with PBS (Solarbio), the cells were dyed with Apollo and then washed with methanol (Solarbio). Later, the cells were fixed, discolored and permeated. Subsequently, the cells were cultivated with 100 μL of DAPI reaction solution (Sigma-Aldrich Chemical Company, St Louis, MO, USA) followed by viability determination via a fluorescent microscope (Thermo Fisher Scientific).

Cell Apoptosis Analysis {#S0002-S2009}
-----------------------

Cultured Saos2 and U2OS cells were collected after transfection and rinsed in chilled PBS, followed by double staining with Annexin V fluorescein isothiocyanate (FITC)/propidium iodide (PI) detection kit (Invitrogen) in the dark for 15 min. At length, the rates of apoptotic cells were detected by flow cytometer (Beckman Coulter, Brea, CA, USA).

Wound Healing Assay {#S0002-S2010}
-------------------

5 × 10^4^ transfected cells were seeded in 96-well plates and cultured all night to allow cell lines to adhere. The wounds were scratched by sterile pipette tip when cells reached confluence. After washing in PBS, cells were observed at 0 and 24 h time interval.

Transwell Invasion Assay {#S0002-S2011}
------------------------

Cell invasion in this study was examined by Matrigel-coated transwell chamber (Corning Co, Corning, NY), following the user guide. A total of 5 × 10^3^ transfected cell lines were added to the upper chamber with serum-free medium and lower chamber was added with the 100% complete culture medium. Cells in the lower chambers were fixed by 4% PFA after 24 h of incubation, and the invaded cells were stained by crystal violet solution. Five random fields were selected for counting under microscope (magnification, ×200).

In vivo Assay {#S0002-S2012}
-------------

The 6-week-old BALB/C athymic nude mice were procured from the National Laboratory Animal Center (Beijing, China). Animal studies have obtained the approval from the Animal Research Ethics Committee of Chengdu First People's Hospital. In vivo assay was undertaken via subcutaneous injection of 5 × 10^6^ transfected cells into mice, the tumor volume was monitored every 4 days. After 28 days, mice were sacrificed and tumors were excised for subsequent analysis.

Immunohistochemistry (IHC) {#S0002-S2013}
--------------------------

The tissue samples collected from in vivo assay were prepared to fix with 4% PFA, subsequently dehydrated and embedded in paraffin. IHC analysis was performed in the consecutive 4 μm thick sections using specific primary antibodies and secondary antibodies.

Luciferase Reporter Analysis {#S0002-S2014}
----------------------------

The sequences for wild-type LINC01535/KCNC4 or mutant LINC01535/KCNC4 containing the putative binding sites of miR-214-3p were cloned into the pmirGLO dual-luciferase vector (Promega, Madison, WI, USA). The vectors were co-transfected with miR-214-3p mimics and NC mimics into U2OS and Saos2 cells with Lipofectamine 2000 (Invitrogen). Luciferase activities were tested with Dual-Luciferase Reporter Assay System (Promega).

RNA Pull-Down Assay {#S0002-S2015}
-------------------

The RNA interaction in this study was examined following the instruction of Pierce Magnetic RNA-Protein Pull-Down Kit (Thermo Fisher Scientific, Waltham, MA). Biotin-labeled RNAs (Bio-miR-214-3p-WT/Bio-miR-214-3p-Mut) and control (Bio-miR-NC) were acquired using the Biotin RNA Labeling Mix (Roche, Mannheim, Germany), followed by treating with RNase-free DNase I (Roche) and purified by the RNeasy Mini Kit (Qiagen, Hilden, Germany) as per the specification. Cell protein extracts were prepared by RIPA lysis buffer, and then mixed with biotinylated probes and 50 μL of streptavidin agarose magnetic beads. The RNA-protein binding mixture was finally analyzed by qRT-PCR.

RNA Immunoprecipitation (RIP) Assay {#S0002-S2016}
-----------------------------------

Ago2-RIP assay was performed through Magna RIP™ RNA Binding Protein Immunoprecipitation Kit (Millipore) based on the guides. When the cell fusion rate was 80%-90%, cells were reaped and lysed in RIP lysis buffer (Invitrogen) supplemented with magnetic bead conjugated with antibodies of anti-Ago2 (Abcam) or anti-IgG (Abcam) overnight at 4°C. At last, the purified immunoprecipitated RNA was detected by qRT-PCR analysis.

Subcellular Fractionation Assay {#S0002-S2017}
-------------------------------

RNA separated from nuclear or cytoplasm fraction by the use of the Nuclear/Cytosol Fractionation Kit (Biovision, San Francisco Bay, CA, USA) was detected with qRT‐PCR analysis. U6 or GAPDH was seen as the nuclear or cytoplasmic control, separately.

Fluorescence in situ Hybridization (FISH) Assay {#S0002-S2018}
-----------------------------------------------

FISH kit (Roche Diagnostics GmbH, Mannheim, Germany) was applied to detect the subcellular localization of LINC01535. The cells were cultivated with hybridization solution containing LINC01535 specific probe (Sigma-Aldrich). DAPI (Sigma-Aldrich) was used to stain the cell nucleus. The images were captured under a microscope.

Statistical Analysis {#S0002-S2019}
--------------------

Data were denoted as means ± SD. Statistical analysis was conducted using GraphPad Prism 5 software (GraphPad Software, San Diego, CA). Significance of the variance between two or multiple groups was evaluated by Student's *t*-test or ANOVA. Kaplan--Meier method was used to analyze the overall survival. *P* \< 0.05 was seen as statistical significance in general. All experiments were performed in triplicate.

Results {#S0003}
=======

The High Expression of LINC01535 Accelerates Proliferation, Migration, Invasion and Decelerates Apoptosis of OS Cells {#S0003-S2001}
---------------------------------------------------------------------------------------------------------------------

First of all, we examined LINC01535 expression in OS tissues and cell lines (MG63, Saos2, HOS and U2OS) by qRT-PCR. The adjacent normal tissues and human normal osteoblasts (hFOB1.19) were taken as control, separately. As depicted in [Figure 1A](#F0001){ref-type="fig"}, the expression of LINC01535 was significantly higher in OS tissues compared with adjacent normal tissues. Similarly, LINC01535 expression in OS cell lines was also higher than that in hFOB1.19 cell line ([Figure 1B](#F0001){ref-type="fig"}). Due to relatively higher expression of LINC01535 in Saos2 and U2OS cells, the two cells were selected for the following experiments. Then, we analyzed the prognostic potential of LINC01535 in OS patients by Kaplan--Meier surviving curves. It was displayed that high expression level of LINC01535 was closely associated with the low overall survival rate of OS patients ([Figure 1C](#F0001){ref-type="fig"}). Thus, we investigated the functional role of LINC01535 in OS cellular progression through loss-of-function assay. Firstly, we tested the interference efficiency of LINC01535 by transfecting with sh-LINC01535-1 and sh-LINC01535-2 in Saos2 and U2OS cell lines. The results showed that LINC01535 expression was obviously decreased after sh-LINC01535-1/2 transfection ([Figure 1D](#F0001){ref-type="fig"}). The interference efficiency was more effective in sh-LINC01535-1 group; therefore, we selected it for the subsequent assays. Then, we implemented colony formation assay, EdU assay and CCK-8 assay to assess the effect of silenced LINC01535-1 on OS cell proliferation. These results all indicated the descending proliferative ability of Saos2 and U2OS cells after LINC01535 knockdown ([Figure 1E](#F0001){ref-type="fig"}--[G](#F0001){ref-type="fig"}). In addition, we detected the capacity of cell apoptosis by flow cytometry analysis in Saos2 and U2OS cells. The consequence indicated that cell apoptotic ability was remarkably enhanced after silencing LINC01535 ([Figure 1H](#F0001){ref-type="fig"}). Later, the levels of cell migration-associated proteins (MMP2, MMP7, MMP9, Slug and Twist) were tested by Western blot to determine cell migration upon LINC01535 knockdown. As the result demonstrated, cell migration-associated protein levels were all decreased by LINC01535 deficiency ([Figure 1I](#F0001){ref-type="fig"}). Furthermore, wound healing assay further revealed that LINC01535 silencing curbed the migratory ability of Saos2 and U2OS cells ([Figure 1J](#F0001){ref-type="fig"}). In transwell assay, we observed that the invasion was also hindered in Saos2 and U2OS cells transfected with sh-LINC01535-1 ([Figure 1K](#F0001){ref-type="fig"}). Finally, we conducted in vivo assay to further verify the results obtained from in vitro assay. As we observed, the tumors in sh-LINC01535-1 group were smaller than those in sh-NC group ([[Figure S1A](https://www.dovepress.com/get_supplementary_file.php?f=232757.docx)]{.ul}). Consistently, the tumor growth curve was also lower in sh-LINC01535-1 group compared with sh-NC group ([[Figure S1B](https://www.dovepress.com/get_supplementary_file.php?f=232757.docx)]{.ul}). Besides, tumor weight of LINC01535 knockdown group was obviously decreased with comparison of control group ([[Figure S1C](https://www.dovepress.com/get_supplementary_file.php?f=232757.docx)]{.ul}). In excised tumors, LINC01535 expression was also lessened in sh-LINC01535 group ([[Figure S1D](https://www.dovepress.com/get_supplementary_file.php?f=232757.docx)]{.ul}). Moreover, IHC assay confirmed that LINC01535 deficiency could reduce the expressions of Ki-67 and PCNA (proliferation markers) ([[Figure S1E](https://www.dovepress.com/get_supplementary_file.php?f=232757.docx)]{.ul}). These data suggested that LINC01535 acted as an oncogene in OS.Figure 1The high expression of LINC01535 accelerates proliferation and migration and decelerates apoptosis of OS cells. (**A** and **B**) The expression of LINC01535 was detected by qRT-PCR in adjacent normal tissues and OS tissues, as well as human osteoblasts and OS cell lines. (**C**) Overall survival of OS patients with high or low expression level of LINC01535 was analyzed by Kaplan--Meier analysis. (**D**) The efficiency of sh-LINC01535-1/2 was detected. (**E**--**G**) Colony formation assay, EdU assay and CCK-8 assay were conducted to determine cell proliferation ability upon LINC01535 silencing. (**H**) Flow cytometry analysis was employed to assess cell apoptotic capacity after interfering LINC01535. (**I**) Levels of cell migration-related proteins (MMP2, MMP7, MMP9, Slug and Twist) were measured by Western blot. (**J**) Effect of LINC01535 interference on cell migration was estimated by wound healing assay. (**K**) The invasive ability of sh-LINC01535-1 transfected Saos2 and U2OS cells was evaluated by transwell assay. All data were displayed as the mean ± SD. \*\*P \< 0.01.

LINC01535 Interacts with miR-214-3p {#S0003-S2002}
-----------------------------------

Primarily, to confirm the localization of LINC01535, we made subcellular fractionation assay in Saos2 and U2OS cell lines. The results indicated that LINC01535 was mostly distributed in cytoplasm ([Figure 2A](#F0002){ref-type="fig"}). Additionally, FISH experiment further validated the cytoplasmic location of LINC01535 in OS ([Figure 2B](#F0002){ref-type="fig"}). Above results indicated that LINC01535 could play a role at post-transcriptional level, which provided evidence for ceRNA hypothesis. To find out the specific miRNA, we employed starBase ([<http://starbase.sysu.edu.cn/index.php>]{.ul}) and found eleven miRNAs that could bind to LINC01535. To further filtrate, we checked expressions of predicted eleven miRNAs in normal human osteoblasts and OS cells. The results revealed that miR-214-3p expression was significantly down-regulated in OS cells, while other miRNAs did not exhibit expression difference ([[Figure S2A--K](https://www.dovepress.com/get_supplementary_file.php?f=232757.docx)]{.ul}). Most interestingly, we also found the binding site between LINC01535 and miR-214-3p ([Figure 2C](#F0002){ref-type="fig"}). In addition, we conducted luciferase reporter assay via co-transfecting LINC01535-WT/Mut and miR-214-3p mimics or NC mimics into Saos2 and U2OS cells. The results presented that the luciferase activity of LINC01535-WT was eminently declined by miR-214-3p overexpression, whereas no change was observed in LINC01535-Mut group ([Figure 2D](#F0002){ref-type="fig"}). Moreover, to certify the direct interaction between LINC01535 and miR-214-3p, RIP assay and RNA pull-down assay were carried out. According to the results of RNA pull-down experiment, we discovered that the enrichment of LINC01535 was significantly elevated by biotinylated miR-214-3p-WT instead of biotinylated miR-214-3p-Mut ([Figure 2E](#F0002){ref-type="fig"}). Besides that, LINC01535 and miR-214-3p were both enriched in Ago2-conjugated beads ([Figure 2F](#F0002){ref-type="fig"}). Lastly, we tested miR-214-3p expression in sh-LINC01535-1 transfected cells. The results displayed that LINC01535 silencing could not affect miR-214-3p expression ([[Figure S2L](https://www.dovepress.com/get_supplementary_file.php?f=232757.docx)]{.ul}). These results manifested LINC01535 sponged miR-214-3p through ceRNA network rather than directly regulated miR-214-3p.Figure 2LINC01535 interacts with miR-214-3p. (**A** and **B**) Subcellular fractionation assay and FISH assay displayed the distribution of LINC01535 in Saos2 and U2OS cells. (**C**) The predicted binding site between miR-214-3p and LINC01535. (**D**) The luciferase reporter assay was conducted with the purpose of confirming the interaction between LINC01535 and miR-214-3p in Saos2 and U2OS cells. (**E**) RNA pull-down assay was carried out to examine the binding of LINC01535 to miR-214-3p. (**F**) RIP assay showed that LINC01535 and miR-214-3p co-existed in RNA-induced-silencing-complex (RISC). All data were manifested as the mean ± SD. \*\*P \< 0.01.

LINC01535 Positively Modulates KCNC4 Expression via Sponging miR-214-3p {#S0003-S2003}
-----------------------------------------------------------------------

Subsequently, we explored the target genes of miR-214-3p and screened out five mRNAs, which could bind to miR-214-3p by using starBase ([Figure 3A](#F0003){ref-type="fig"}). Additionally, we performed luciferase reporter assay to estimate the luciferase activity of KCNC4 3ʹUTR, TBCID10B 3ʹUTR, SNX12 3ʹUTR, SPTBN2 3ʹUTR and REPIN1 3ʹUTR after transfecting miR-214-3p mimics. It was shown that KCNC4 3ʹUTR activity was prominently decreased by miR-214-3p mimics, while there was no alteration in other groups ([Figure 3B](#F0003){ref-type="fig"}). Hence, KCNC4 was predicted as a target gene of miR-214-3p. Further, we obtained potential binding site between KCNC4 and miR-214-3p from starBase ([Figure 3C](#F0003){ref-type="fig"}). And we found the luciferase activity of KCNC4-WT reporter was clearly decreased whereas there was no difference in KCNC4-Mut group with transfection of miR-214-3p mimics ([Figure 3D](#F0003){ref-type="fig"}). This consequence certified the interaction between miR-214-3p and KCNC4. Then, RNA pull-down assay was performed in Saos2 and U2OS cells. The results indicated that KCNC4 could be pulled down by biotinylated miR-214-3p-WT rather than biotinylated miR-214-3p-Mut ([Figure 3E](#F0003){ref-type="fig"}). Furthermore, we determined the KCNC4 mRNA expression and protein level after transfecting with sh-LINC01535-1 or miR-214-3p mimics. The results manifested that the expressions of KCNC4 mRNA and protein were both attenuated by sh-LINC01535-1 transfection ([Figure 3F](#F0003){ref-type="fig"}). Simultaneously, the reduced KCNC4 mRNA and protein levels were observed in miR-214-3p mimics group ([Figure 3G](#F0003){ref-type="fig"}). Taken together, LINC01535 positively modulated KCNC4 expression via sponging miR-214-3p.Figure 3LINC01535 positively modulates KCNC4 expression via sponging miR-214-3p. (**A**) Five mRNAs (KCNC4, TBCID10B, SNX12, SPTBN2 and REPIN1) were predicted as the potential targets of miR-214-3p from starBase through combining RNA22, PicTar, miRanda, microT and miRmap. (**B**) Luciferase reporter assay was used to determine the target gene of miR-214-3p among the candidate mRNAs. (**C**) The binding site between KCNC4T and miR-214-3p was presented. (**D**) The luciferase reporter assay was implemented to determine the interaction between KCNC4 and miR-214-3p. (**E**) The binding between miR-214-3 and KCNC4 was validated by RNA pull-down assay. (**F** and **G**) KCNC4 mRNA and protein expressions were examined by qRT-PCR analysis and Western blot analysis under the condition of LINC01535 interference or miR-214-3p overexpression. All results were showed as the mean ± SD. \*\*P \< 0.01.

LINC01535 Facilitates Cell Growth, Migration and Invasion in OS by Regulating KCNC4 {#S0003-S2004}
-----------------------------------------------------------------------------------

Finally, we carried out a battery of functional rescue experiments to explore whether LINC01535 modulated OS progression by regulating KCNC4. Colony formation assay, EdU assay and CCK-8 assay were conducted to detect cell proliferation ability. The results displayed that cell proliferation was attenuated after silencing LINC01535, while this phenomenon was recovered by overexpressing KCNC4 ([Figure 4A](#F0004){ref-type="fig"}--[C](#F0004){ref-type="fig"}). In addition, flow cytometry analysis unveiled that cell apoptosis elevated by LINC01535 interference was subsequently restored by KCNC4 overexpression ([Figure 4D](#F0004){ref-type="fig"}). Through Western blot analysis, we observed levels of migration-related proteins were descending remarkably by reducing LINC01535. However, the protein levels were ascending upon KCNC4 overexpression ([Figure 4E](#F0004){ref-type="fig"}). As demonstrated in wound healing assay, KCNC4 overexpression recovered the inhibitory role of LINC01535 depletion in the migratory capacity of OS cells ([Figure 4F](#F0004){ref-type="fig"}). Finally, transwell assay confirmed the restorative effect of KCNC4 up-regulation on the suppressive invasion of sh-LINC01535-1 transfected cells ([Figure 4G](#F0004){ref-type="fig"}). Above experimental data demonstrated that LINC01535 regulated KCNC4 to promote cell growth, migration and invasion in OS.Figure 4LINC01535 facilitates cell growth, migration and invasion in OS by regulating KCNC4. (**A**--**C**) Colony formation, EdU and CCK-8 assays were implemented to detect the cell proliferation in the groups of sh-NC, sh-LINC01535-1 and sh-LINC01535-1+KCNC4. (**D**) Flow cytometry analysis was conducted to explore cell apoptotic ability in each group. (**E**) Level of cell migration proteins (MMP2, MMP7, MMP9, Slug and Twist) was analyzed by Western blot. (**F** and **G**) The migration and invasion in each group were validated by wound healing assay and transwell assay. All results were depicted as the mean ± SD. \*P\<0.05, \*\*P \< 0.01.

Discussion {#S0004}
==========

OS is one of the leading causes of cancer-related death in children and adolescents. It is difficult for patients to make meaningful progress in survival rate because of distant metastasis and large tumor heterogeneity.[@CIT0022] However, it is still necessary to explore effective biomarkers and targeted therapies for OS patients. LncRNAs have been manifested as regulators in various tumor processes.[@CIT0023]--[@CIT0025] In the meantime, dysregulation of lncRNA was associated with the development of disease.[@CIT0026] Previously, LINC01535 has been certified to facilitate cell development in cervical cancer.[@CIT0021] Thus, we wondered whether LINC01535 was an oncogene and involved in the pathogenesis of OS.

Based on the previous study, we examined the expression of LINC01535 in tumor tissues and cells of OS and found that its expression level was up-regulated in OS. Meanwhile, the survival rate of patients with high LINC01535 expression level was significantly lower than who with low LINC01535 expression level, suggesting that up-regulated LINC01535 resulted in poor prognosis. Besides, LINC01535 knockdown overtly suppressed OS cell proliferation, migration and invasion, and promoted OS cell apoptosis in vitro. In vivo assay uncovered that silenced LINC01535 hampered tumor growth. Therefore, we had reason to believe that LINC01535 also acted as an oncogene in OS.

In general, accumulating studies showed that lncRNAs could function as ceRNA to sponge miRNA.[@CIT0027],[@CIT0028] MiRNAs also act as tumor regulator in the biological process and they are vital RNAs with a length of 21--25 nucleotides.[@CIT0029],[@CIT0030] For example, down-regulated miR-193a-5p induces docetaxel chemosensitivity in prostate cancer.[@CIT0031] In melanoma, miR-204-5p and miR-211-5p promote the resistance of BRAF inhibitor.[@CIT0032] Besides, miR-361-5p targets FGFR1 and MMP-1 in breast cancer and restrains cell proliferation and invasion.[@CIT0033] According to relevant reports, miR-214-3p presented down-regulated expression in tumors and affected tumor occurrence and development.[@CIT0034]--[@CIT0037] Although LINC01535 has been reported as a ceRNA in cervical cancer, but its mechanism in OS has not been investigated.[@CIT0021] Here, we discovered that LINC01535 was cytoplasmic RNA and sponged miR-214-3p in OS. Subsequently, KCNC4 was identified as a downstream gene of miR-214-3p. KCNC4 was reported to be highly expressed in head and neck squamous cell carcinoma and aggravate cancer malignancy.[@CIT0038] In our study, the expression of KCNC4 was positively mediated by LINC01535 and reservedly modulated by miR-214-3p. Functional rescue assays suggested that up-regulated KCNC4 counteracted LINC01535 deficiency-mediated suppression on OS cell growth, migration and invasion.

It was concluded that LINC01535 enhanced OS cellular progression via secluding miR-214-3p and up-regulating KCNC4, which constituting an effective axis of LINC01535/miR-214-3p/KCNC4 in OS. Simultaneously, this network might provide theoretical basis for the exploration of prevention and remedy treatment of OS.
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